by Shope fibroma virus and the apparent failure of the hosts' immunity in newborn rabbits that frequently support progressive tumor growth.
Humoral antibody response to Shope fibroma virus and virus-induced tumor has been reported to be similar in newborn and adult rabbits as judged by virus neutralization (1) and cell cytotoxicity tests (15) . Although adult tumor-bearing rabbits demonstrated strong cell-mediated immunity to fibroma antigens as measured by the delayed cutaneous hypersensitivity reaction, passive lymphocyte transfer reaction, and the macrophage migration inhibition test, newborn rabbits with progressively growing tumors showed markedly impaired lymphocyte reactions (1, 16 Primary chicken embryo fibroblasts cultures were prepared from 10-day-old chicken embryos. After decapitation and removal of wings and legs, the rest of the embryos were trypsinized with 0.25% trypsin and dispersed cells were collected every 20 min. The dispersed cells were washed twice with HBSS and suspended in medium 199 containing 10% tryptose phosphate broth in addition to 5% FCS, streptomycin, penicillin, and sodium bicarbonate. The suspension was filtered through a double layer of cheesecloth, adjusted to a concentration of 5 x 105 cells/ml, and seeded in 25-ml quantities in 16-oz bottles. The confluent monolayers were formed by 24 h of incubation.
DRK3 cells, an established line of rabbit kidney epithelial cells, were grown as described earlier (15) .
Immunization of rabbits. Tumors were induced in young adult rabbits, 3 to 4 months old, by intracutaneous inoculation with 2.5 x 105 PFU of fibroma virus at each of six sites on the back. Newborn rabbits were inoculated on day 1 or 2 of age with the same amount of virus subcutaneously.
Fibroma virus-induced tumors in adult and newborn rabbits have been described in detail in earlier publications (16) .
All experiments were performed with macrophages collected from rabbits at 10 to 14 days after virus inoculation.
Preparation of peritoneal macrophages. Peritoneal exudate cells were prepared as described by Tompkins et al. (16) Interferon assay. Interferon was assayed by addition of 2 ml of serial twofold dilutions (medium 199 plus 2% FCS) in duplicate to PRK monolayers in 60-mm plastic petri plates. After 18 to 20 h of incubation at 37 C, the medium was removed and the monolayers were infected with 50 to 100 PFU of VSV. After 2 h of virus adsorption, the cells were overlayed with a 1% agar overlay medium and further incubated to 48 h at 37 C. The number of plaques was recorded after fixing the monolayers with formaldehyde (2 parts) ethyl alcohol (20 parts), and glacial acetic acid (1 part) and staining with crystal violet. The interferon titer was recorded as the reciprocal of the dilution that reduced the number of plaques by 50%.
RESULTS
Production of interferon by macrophages for normal and tumor-bearing adult rabbits. Purified peritoneal macrophages from normal adult rabbits produced low levels of interferon (titers ranged from <10 to 10) when stimulated by fibroma virus or vaccinia virus in culture. For the most part, these values corresponded to interferon titers for cultures of unstimulated macrophages (Table 1) . Normal macrophages stimulated by NDV produced interferon titers of 40 in two experiments.
In contrast, macrophages from adult fibroma tumor-bearing rabbits (10 to 14 days after virus inoculation) produced high titers of interferon Production of interferon by macrophages from normal and tumor-bearing newborn rabbits. Cultured peritoneal macrophages removed from normal newborn rabbits and newborn rabbits 10 to 14 days after tumor induction were tested for ability to produce interferon after stimulation by fibroma virus, vaccinia virus, and NDV. As was found with normal adult macrophages, macrophages from normal newborn rabbits failed to produce significant levels of interferon after virus stimulation (Table 2) . Furthermore, macrophages from newborn tumor-bearing rabbits behaved as normal macrophages in that they failed to produce significant levels of interferon after stimulation by fibroma virus or vaccinia virus. Interferon titers from these rabbits were 10 or less in all experiments as compared with <10 for normal macrophages. In the case of NDV stimulation, interferon titers from tumor-bearing rabbits ranged from 10 to 80 as compared with 10 from normal rabbits.
It is clear from these experiments that, although the interferon response to specific and nonspecific inducers is markedly enhanced in macrophages from adult tumor-bearing rabbits, macrophages from newborn tumor-bearing rabbits show only minimal activation with respect to interferon production. DISCUSSION The results in these experiments indicate that peritoneal macrophages from fibroma tumorbearing adult rabbits have increased ability to produce interferon in response to a viral stimulus. Such enhanced interferon production by immune macrophages has been reported by Glasgow (10) and Yamada et al. (18) . However, Glasgow (10) and Azuma et al. (3) reported that increased ability of macrophages to produce interferon is specific for the immunizing virus, which is contrary to the results presented here. (2) or fibroma virus (16) to immune and normal macrophages.
It is unlikely that the increased interferon production by immune macrophage cultures was due to lymphocytes since most of the lymphocytes were removed from the culture by washing the monolayers prior to stimulation for interferon production. Therefore, from our data it is likely that increased interferon production represents an intrinsic characteristic of activated macrophages in much the same manner as previously reported increased bactericidal (4), virucidal (2, 10) , and tumoricidal (9, 11) activity after activation. However, this remains only a conjecture, because the mechanisms of interferon synthesis as well as macrophage activation are still uncertain.
Although macrophages from newborn tumorbearing rabbits failed to respond to stimulation by fibroma virus in two experiments, they did yield slightly higher levels of interferon than normal macrophages when stimulated with NDV. This datum could be interpreted to suggest that interferon production is a result of macrophage activation to the fibroma tumor antigens and that macrophage activation is depressed in newborn rabbits to such an extent that the cells repond only to a strong interferon inducer, such as NDV. In support of this, it has been suggested that the generalized fibromatosis sometimes seen in newborn rabbits infected with fibroma virus might be due to the relative immaturity of the reticuloendothelial barriers to the spread of virus (6) .
In the present study we obtained low yields of interferon as compared with previous studies using mouse and rabbit macrophages (10, 14) . This was particularly evident in the case of normal macrophages that produced very little interferon even when stimulated by NDV. The most plausible explanation for these differences is that previous experiments utilized 10-to 100-fold more macrophages than were used in these experiments. It was necessary to use small numbers of macrophages in these studies since newborn rabbits yield few exudate cells after intraperitoneal injection of mineral oil.
The potential role of macrophage interferon on fibroma tumor regression has not been determined. Prose et al. (12) demonstrated interferon in fibroma tumors preceding regression and suggested it may be a factor in the tumor regression. Similarly, Vilcek et al. (17) demonstrated that treatment of rabbits with poly(I: C) resulted in interferon production and suppression of fibroma tumors.
Interferon might restrict the size of fibroma tumors by reducing the susceptibility of surrounding normal tissue and preventing spread of the virus. Chan et al. (5) demonstrated that fibroma virus was sensitive to poly(I: C)-induced interferon in PRK cells. However, Smith et al. (13) found no correlation between interferon titer and tumor regression. They demonstrated maximal titers at 2 days after virus inoculation and very little interferon after 4 days. The tumors increased significantly in size, and maximal virus titers in the tumors were achieved after this time. This was similar in both adult and newborn rabbits with the exception that lower titers of interferon were found in newborn tumors. This corresponds with our observation that macrophages from newborn tumor-bearing rabbits do not produce large amounts of interferon after stimulation by fibroma antigens. At this time the role of interferon in fibroma tumor regression remains unresolved.
Failure of macrophages from newborn tumorbearing rabbits to respond to viral interferon inducers raises the possibility that newborn rabbits have an impaired macrophage activation mechanism. Previous studies by Allison (1) and Tompkins et al. (16) presented evidence for a reduced thymus-dependent lymphocyte function in newborn tumor-bearing rabbits. Because macrophage activation is considered by many to be mediated by a factor(s) released from specifically stimulated lymphocytes (7) (8) (9) , it follows that reduced lymphocyte function might result in an impairment of macrophage activation. Experiments are now in progress to further investigate the immunological activity of macrophages from newborn and adult tumor-bearing rabbits and the interaction between thymus-dependent lymphocytes and macrophages in these systems.
